Introduction
Differently from infrarenal aortic aneurysms (IAAs), juxtarenal and pararenal aneurysms (JPAAs) provide technical problems due to the involvement of the renal arteries in the aneurysmal aorta. By definition, juxtarenal aneurysms do not involve the renal arteries but extend proximally up to their origin, leaving no space for infrarenal aortic clamping. In pararenal aneurysms one or both renal arteries are involved in the aneurysm, with the necessity of their reimplantation. 1 In both juxtarenal and pararenal aneurysms suprarenal aortic exposure and clamping are necessary and * Presented at the 10th annual meeting of the European Society for Vascular Surgery, Venice, Italy (12-15 September 1996) . t Please address all correspondence to: GianLuca Faggioli, Chirurgia Vascolare, PoIictinico S. Orsola, Via Massarenti 9, 40138 Bologna, Italy. results are possibly influenced by these technical problems. 2-11 Despite the importance of the issue, only a few specific reports have been published and data on long-term results are lacking.
For these reasons we have reviewed all JPAAs treated in a single institution, examining early and long-term results with the purpose of detecting predictors of outcome and late survival.
Material and Methods
All cases of JPAA surgically treated from January 1981 to 1 April 1996 were reviewed retrospectively. Aneurysms developed proximally to a previous aortic graft were excluded and constitute the basis of other reports. 12, 13 For each patient we have taken into consideration risk factors (race, gender, age, hypertension, diabetes Long-term results were obtained through our surveillance protocol: patients are examined 3 months postoperatively and yearly thereafter if no complications are detected. Duplex scanning is obtained yearly. Data on patients lost to follow-up were obtained through tdephone interviews when possible. Lifetable analysis was performed to assess long-term results.
Results
During the study period a total of 1450 aortic aneurysms were treated surgically at our institution. Of these, 50 were JPAA (3.4%), 42 (84%) were classified as juxtarenal and eight (16%) as pararenal.
Patients' characteristics and risk factors are presented in Table 1 . There were no significant differences between the two groups.
Eight patients (16%) were operated on in emergency for a ruptured aneurysm, one of these was a rupture into the left renal vein. One additional aneurysm had a contained rupture which was found incidentally during elective aneurysm repair. Overall there were four (8%) IAAs, and one (2%) aneurysm associated with a double vena cava. These six cases were categorised as "technically difficult".
Surgical access was anterior transperitoneal in 48 cases (96%), extended retroperitoneal in one (2%) and thoracoabdominal in one (2%). Aortic control was obtained at the diaphragm level in eight cases (16%), above both renal arteries in 21 (42%) and above one renal artery in 21 (42%).
Renal artery revascularisation was performed in 11 cases (22%); it was unilateral in nine cases (18%) (two endarterectomies, seven bypass) and bilateral in two (4%) (one bilateral endarterectomy, one bilateral bypass). In one case the unilateral renal revascularization was associated with an aortic-superior mesenteric bypass for the presence of chronic intestinal ischaemia. In another patient the renal revascularisation was associated with a contralateral nephrectomy. Renal function was impaired preoperatively (creatinine level >2 mg/dl) in five (45.5%) of these 11 cases.
Perioperative mortality occurred in six of 50 cases (12%) and was distributed evenly throughout the study period; elective procedures had a mortality of 7.1% (three cases: two for myocardial infarction and one for multiple organ failure) and ruptured aneurysms of 37.5% (three cases: one during surgery, one for myocardial infarction and one for multiple organ failure early postoperatively). The difference in mortality between elective and emergency procedures was significant (p =0.036). If one considers risk factors and technical details as predictors of mortality, only age greater than 70 years, coronary artery disease and rupture are independently associated with an increased risk of mortality, as shown in Table 3 .
Renal function improved in three of the five patients with renal revascularisation, and remained unchanged in two. One case of temporary acute renal failure was observed in one patient not submitted to renal revascularisation. One patient developed an acute lower limb ischemia in the second postoperative day and was submitted to a femoropopliteal bypass.
Perioperative mortality in 1400 patients operated on for IAA in the same time period was 3.5% (50 cases). This was significantly lower than that of JPAA (p<0.02). This difference is due to the mortality rates in elective procedures (20/ Long-term results in the JPAA are reported in Table  4 . Of 10 late deaths observed, four (40%) were due to unknown causes, as reported by the relatives of the patients. In the other six cases, three patients died of 
Discussion
Involvement of the pararenal and juxtarenal aorta is uncommon in aortic aneurysmal disease, although the precise incidence is not clear in the literature. Our experience accounts for a 3.4% incidence, while other reports vary from 2 to 20%. 3'4'7'1°'15-1s The difference in reported incidence is probably due to referral patterns and definition of these aneurysms. Different terms are currently in use to identify aortic aneurysms involving the renal arteries. Some authors define both juxtarenal and suprarenal aneurysms with the term pararenal, 4 while others make a distinction between juxta and suprarenal forms with no referral to pararenal forms. 5'19 The Ad Hoc Committee on Reporting Standards of the SVS/NAISCVS does not use the term pararenalJ ° However, as reported by Stoney and Rabahie in 1989, 2 we think that the most appropriate definition would be juxtarenal aneurysms for the aneurysms extending up to the renal artery level, without involvement of the renal arteries, but with necessity of clamping the aorta at least above one of the renal arteries (Fig. 1) . Pararenal aneurysms are those in which the aneurysmal disease involves the origin of at least one renal artery, without involvement of the superior mesenteric artery and coeliac trunk (Fig. 2) . The term suprarenal may lead to an overlap with type IV thoracoabdominal aneurysmsJ The technical problems of both exposure and suprarenal aortic clamping lead to a possible increase in mortality and morbidity rates. In our series, perioperative mortality in elective cases was 7.1%, which is similar to, although slightly higher than, the results published in several large series. 3' 6' 11 Of interest is the fact that these results are significantly worse than those of infrarenal aortic aneurysms. This finding is different from that reported by A m u n d s e n et al., who found no difference in early outcome according to proximal extension of the aneurysm. 15 Similarly, other authors' reported results of JPAA are comparable to those of IAAs. 4'5'8 It is difficult to speculate on the cause of such a diversity in the different series. As results in ruptured cases are identical in both IAA and JPAA, technical factors are unlikely to be responsible for this difference. Furthermore, none of the technical variables considered in the multivariate analysis predicted outcome. Level of aortic clamping, concomitant visceral revascularisation and type of aortic reconstruction were not significantly associated with mortality. It should also be noted that in our series mortality was not increased in the 'technically difficult' cases (inflammatory aneurysms, double vena cava, contained rupture). While Crawford et al. found a significant difference in mortality w h e n comparing results of cases treated early in his experience with cases treated later, we did not observe such a trend in our series, thus confirming the idea that technical reasons were unlikely to be responsible for high mortality within the JPAA group. On the contrary, both age >70 years and coronary artery disease were found to be strong predictors of perioperative death. Therefore it seems that the status of the patient, more than the type of lesion, is important in defining outcome. However, risk factors were similar in both JPAA and IAA. The difference in mortality in our series can be explained only with more extensive aneurysm/atherosclerotic involvement and necessity of suprarenal clamping. Not surprisingly the third independent predictor of outcome was rupture. The incidence of ruptured JPAA and the results of such cases is rarely reported in the literature (Table 5 ). Reported incidence varies from 4 to 12%, with mortality as low as 0%. 4 Another issue of debate in the literature is the choice of the surgical approach. The transperitoneal approach is the preferred route in several reports, but m a n y other authors believe that the retroperitoneal approach is superior, especially in complex proximal aortic reconstruction. [21] [22] [23] [24] In our series the transperitoneal approach was used in the majority of instances (96%) with no complications, either immediate or long-term, at the proximal anastomosis. From our data it is impossible to conclude which of the two approaches is more advantageous, but the transperitoneal approach remains preferred if right renal artery revascularisation is anticipated (Fig. 3) .
Renal failure is one of the most frequent complications of this type of surgery. Trashing from proximal atherosclerotic aorta and prolonged ischaemia are the two possible mechanisms for this complication. 14 Despite the lack of specific means of renal protection during aortic clamping in this series, no permanent renal failure was observed. Renal revascularisation was accomplished w h e n technically necessary (pararenal aneurysms) or w h e n a stenosis greater of 75% was present. As shown by the results of the literature and by those of our series, spinal cord ischaemia is an exceedingly rare complication in this kind of surgery.
Long-term results of these patients are very seldom reported in the literature. Crawford et al. reported 3-and 5-year survival rates of 85 +6% and 75-t-10% in juxtarenal aneurysms. These results excluded perioperative deaths. Data from Szilagyi et al. suggest that patients with large aneurysms have lower life expectancy compared to small aneurysms. It is interesting that the survival curve reported for large aneurysms is similar to that of JPAA of our seriesY Cardiac and cerebrovascular events are the most common causes of late deaths, s6 similar to that observed in patients with IAAs and aortoiliac occlusive disease.
Interestingly, no graft-related complications (i.e. graft infection, pseudoaneurysm, graft thrombosis) were seen in this series, with the exception of a renal bypass restenosis after 1 year. In particular, no paraanastomotic aneurysms were seen: probably complete resection of the aneurysmal disease is more easily Fig. 3 . Spiral CT scan of a pararenal aneurysm. The right renal artery is involved in the aneurysm. obtainable w h e n aortic clamping is positioned above the renal arteries.
Long-term survival was low in this study (40% at 5 years) and led to the problem of correct surgical indication for patients with small JPAA. The high age of these patients may, in part, explain the low survival rates. Extension of c o m m o n criteria of surgical indication of IAAs (i.e. diameter >4 cm) does not seem to be justified from our data. Particular attention should be paid to patients with coronary artery disease and age >70 years.
